ADVANCES in molecular biological and human cell hybridization technology significantly enhanced our knowledge of human immunoglobulin variable region (IgV) gene organization, structure and expression. These advances have also provided insight into autoimmunity and mechanisms that may determine the nature of the antibody repertoire expressed in RA patients.
Since the specificity for antigens is determined by the precise sequence of amino acids used in the antigenbinding site, studies in autoimmune diseases have focused on the combinatorial events and mutations which occur in genes that encode autoantibodies. Explicitly, the question has been whether autoantibodies are direct copies of germline genes, or products of somatic mutations. Non-random distribution of replacement mutations in rearranged IgV genes, compared with their germline counterparts, is indicative of antigen-driven selection of B-lymphocytes [1] . In contrast, the lack of mutations, or evidence of limited random mutations, is indicative of non-specific polyclonal activation. IgV genes have also been used as markers of clonal relatedness of autoantibodies because unique combinations of V H , D H and J H or V L and J L elements, formed during B-lymphocyte differentiation and maturation are retained by cells derived from the same progenitor pre-B cell [2] .
The evidence from examining IgV gene sequences in RA patients shows that almost all IgM RF and 50% of IgG derived from B-lymphocyte hybridomas or EBVlines producing monoclonal immunoglobulins are encoded by genes in their germline configuration, or with very few nucleotide changes from known germline genes [3] [4] [5] . Interestingly, studies of B-lymophocyte ontogeny have revealed that the same genes are also widely transcribed in early foetal and neonatal B-lymphocytes [6, 7] . Moreover, these studies suggested that during early life only a restricted set of genes from a large pool of available genes are used, and that the repertoire diversifies progressively after birth until a normalization of IgV gene use is achieved [8] . One explanation for restricted gene use during early life is that these genes are of special survival value and function before more specialized adaptive responses involving somatic diversification permits the generation of antibodies able to recognize the extensive range of environmental antigens. Recent studies of B-lymphocyte repertoire in normal individuals suggested that B-lymphocytes expressing these genes may also participate in interconnections between T-and B-lymphocytes to maintain homeostasis within the immune system [9] . The overexpression of these genes in RA 0263-7103/94/020105 + 04 $08.00/0 synovial tissue however, may imply that such IgV genes can be involved in autoimmune diseases in adults.
There are a number of explanations that may account for this outcome in RA. A failure of maturation of the primary foetal B-lymphocyte repertoire in RA patients may result in the over-expression of foetal-type B-lymphocytes [10] . Alternatively, it is possible that a subset of B-lymphocytes is induced to proliferate via surface Ig receptors as a result of exposure to a particular antigen or idiotype or because of an intrinsic defect in regulation of pre-B cells.
Many fundamental questions are raised by these observations and await elucidation. For example, it is not clear how representative synovial hybridomas and EBV-lines are of the RF and immunoglobulins produced in vivo. Furthermore, the factors that result in the breakdown of tolerance to autoantigens in these cells is unknown.
The possibility that cell fusion, transformation or cloning of cultured hybridomas may introduce a bias in IgV analysis is an important issue that needs serious consideration. It is known, for example, that EBV infects B-lymphocytes in the GO to early Gl phase (resting-premitotic cells) of the cell cycle but not in the S-phase (dividing cells) [11] . Furthermore, terminally differentiated plasma cells, which represent a significant proportion of cells of the B-lymphocyte lineage in RA synovia, can neither be transformed nor fused with fusion partners.
The second issue, that has a significant implication for our understanding of disease mechanisms, is lack of knowledge of the pathway through which these cells are induced to break their immunological silence and produce RF. The fact that B-lymphocyte tolerance exists has been firmly established [12] . Recent studies, using transgenic animals, have shown that tolerance is dependent on both deletion and functional inactivation (anergy) of autoreactive B-lymphocytes and that clonal deletion occurs both in immature and mature lymphocytes that have emigrated from the bone marrow [13] . In addition, it has been suggested that B-lymphocytes expressing foetal-type (or natural) RF can efficiently present antigens complexed to antibody but produce no antibodies in transgenic mice [14] . To test the possibility that regulatory elements play a role in the induction of RF production by these cells, the normal transgenic mice were crossed with the autoimmune MLR-lpr mice. The investigators found a dramatic increase (<200 fold) in the level of serum RF. Although the precise cause of this upregulation of RF production is not known, these investigators attributed the increase in RF production to abnormal genes derived from the MRL strain [14] .
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To address these unanswered questions, we have recently tried to bypass the need for EBV transformation and hybridoma generation by examining the serum of monozygotic twins with RA for the expression of germline gene encoded molecules.
Monozygotic [MZ) twins, from the Arthritis Research
Council's repository in Manchester, were chosen for this study so as to evaluate the contribution of genetic factors in understanding the mechanisms involved in RF production. As probes we used murine monoclonal antibodies with specificity for cross-reactive idiotypes (CRI) present on RF in foetal and synovial B-lymphocytes. Previous structural and molecular characterization had demonstrated that these monoclonal anti-CRI antibodies reacted with epitopes present on immunoglobulins which were encoded by individual, or a small number of highly related, IgV genes. Mindful of the technical problems associated with the detection of different isotypes of Ig and RF, we opted for extensive fractionation of sera to separate IgM, IgG and IgA with RF activity. The level of expression of the different IgV gene products were determined using highly specific ELISA protocols [15] .
The data demonstrated that compared with previously examined normal individuals the serum of the RA twins contained relatively high levels of RF-CRI. Furthermore, it appeared that 46% of IgM RF was encoded by a relatively small set of germline, or minimally mutated germline IgV genes from the V H 1,3 and 4 families. Furthermore, a significant proportion of IgG RF and IgA RF (-30%) was also encoded by these same genes. The level of expression of individual germline IgV markers was similar within twins but dissimilar between unrelated twins irrespective of disease status. These data suggested that the high level of expression of the IgV markers is a genetic trait not secondary to disease. However, since different genes are observed in association with RF activity in unrelated twins a selective process appears to operate on RF diversification. Furthermore, from these studies it appears that there are qualitatively two different classes of RF. The first, similar to naturally occurring RF, are encoded by unmutated, or minimally mutated, IgV genes but show evidence of isotype switch from IgM to IgG and IgA. The second class of RF, found in RA patients, are usually of the IgG or IgA isotype and may be with evidence of somatic mutation.
It is possible that the production of RF characteristic of RA patients occurs through a two stage mechanism whereby preactivation of the natural RF repertoire precedes the generation of pathogenic RF. In normal individuals, natural RF expressing B-lymphocytes could be regulated by mechanisms that involve complex interactions with antigens and T-lymphocytes. These B-lymphocytes, which only transiently deviate from a resting state, can capture and present complexed autoantigen to autoreactive T-lymphocytes [14] . Recent studies, from a number of laboratories, suggest that when resting B-lymphocytes present antigens to CD4 T-lymphocytes, tolerance results [16] . This has been attributed to the lack of co-stimulatory signals on resting B-lymphocytes. In RA on the other hand, RF expressing B-lymphocytes would be in a state of chronic activation and can provide co-stimulatory signals to autoreactive T-lymphocytes, thus leading to their activation. This B-lymphocyte subpopulation may also lead to the diversification of the autoimmune response because of the larger range of peptides that can be presented by these cells to T-lymphocytes, compared with other antigen presenting cells, as a result of the efficient uptake and processing of complexed autoantigens [17] .
We have shown that the natural RF expressing B-lymphocyte subpopulation is hyperactive in RA twins irrespective of whether RA has developed. We hypothesize that this may arise as a result of inherited abnormalities in IgV regulation in pre-B cells. B-Lymphocytes derived from these progenitors could provide a fertile environment for generating signals which stimulate autoreactive T-lymphocytes. In turn, activated T-lymphocytes may promote mutations in B-lymphocytes and result in pathogenic RF generation. Thus a B-lymphocyte abnormality could summate with HLA polymorphic genes, such as HLA/DR4/1, to initiate chronic RA with elevated RF levels. Demonstration of abnormal pre-B cells akin to those described in (NZBxW) Fl hybrids will be a logical next step in unravelling the multifactorial aetiopathogenesis of RA [18] . 
